The association between alcoholism and pancreatic disease is well known. The aetiological role of ethyl alcohol has generally been accepted, although the mechanism has not yet been defined. A widely held theory is that alcohol causes a duodenitis which, in turn, causes pancreatic duct obstruction. [1] [2] [3] Some authors47 have found that ethyl alcohol produces spasm of the sphincter of Oddi; at the same time increased gastric secretion and secretinrelease stimulate the pancreas. Thus consumption of alcohol stimulates the pancreas to secrete in the presence of spasm of the sphincter. This view is not shared by other investigators,8 9 who think that ethanol produces reflux of duodenal contents into the pancreatic and bile duct. There is still controversy on the effect of ethanol on the sphincter of Oddi.
So far, in human subjects, these studies have been performed by indirect methods, mostly through T-tubes in the early postoperative period. Newly developed recording instrumentation and cannu- ' Address for correspondence and reprint requests: Dr Giovanni Viceconte, Via Luigi Arbib Pascucci. 66, 00168 Rome, Italy.
Received for publication 13 April 1982 lation of the ampulla of Vater by endoscopy have brought about a more accurate direct quantification of sphincter of Oddi motor activity. l-2
The purpose of this study was to evaluate, by endoscopic manometry, the effect of ethanol on the sphincter of Oddi, when given intragastrically or intravenously.
Methods

EQUIPMENT
Two catheters, 195 cm long, 1.6 mm external diameter and 1.1 internal diameter, with a 1.1 diameter side hole, 1 cm from their tip, were used for manometric measurement. In order to obtain recordings from the biliary or pancreatic duct systems and the sphincter of Oddi one catheter was passed through the biopsy channel of a side-view fibrescope (Olympus model JF B3); the end of this catheter was marked by three black rings 1 mm wide and 3 mm apart, to allow endoscopic observation of the depth of insertion into the sphincter of Oddi, bile, and pancreatic ducts. Continuous recording of the intraduodenal pressure was obtained from the other catheter attached to the external surface of the endoscope. 20
Both catheters were attached to external transducers (Statham P23Db) and connected to a multichannel direct polygraph (Ormed M19). They were constantly perfused with sterile 0.9 saline at a rate of 0.9 ml/min with syringes from an infusion pump (Harvard 901). This system gives a small increase in baseline pressure (7 mmHg After the basal pressure measurements had been recorded, intragastric ethyl alcohol (150 ml of 32%) was given to 12 subjects over a period of 10 minutes. Pressure measurements were then taken at approximately five minute intervals, for 35 minutes, after the beginning of the intragastric infusion.
In five different subjects, after basal measurement, intragastric saline solution (150 ml of 0.9%) instead of alcohol, was given in an identical manner and pressure recorded for 35 minutes at the same time intervals.
In five other subjects, after basal pressure measurements had been taken, intravenous alcohol (6 Five subjects (two women and three men), with a mean age of 43 years (range 25-65 years), served as controls in the study with intragastric saline infusion: among them, one patient had choledocholithiasis, one had ERCP findings of chronic pancreatitis, while in three no abnormality was found at ERCP. A history of alcohol excess (more than 30 g per day) was found in the subjects with choledocholithiasis and in one of those with normal ERCP.
The remaining five subjects (two women and three men), with a mean age of 39 years (range 31-56 years), took part in the study with intravenous alcohol infusion: of these, two patients had choledocholithiasis, while in three no abnormality was found at ERCP. One of the patients with normal ERCP had a history of consuming more than 30 g of alcohol per day.
The project was approved by the North Lothian District Medical Committee (Scotland). Permission to perform the study was obtained from all subjects, who voluntarily agreed to take part in it.
Results
Endoscopic manometry showed that the sphincter of Oddi has a basal, steady-state pressure higher than that in the common bile duct, pancreatic duct, and duodenum; phasic activity, composed of rhythmic contractions and relaxations, is superimposed on the basal pressure; no motor activity is present either in the bile duct or the pancreatic duct; there is no relationship between duodenal contractions and sphincter of Oddi activity.
All values were expressed in mmHg, taking duodenal pressure as zero reference. Five individual peaks were read frum each section to generate the value for peak pressure. The lowest sphincter of Oddi pressure recorded from each section was considered to be the basal pressure. The difference between peak and basal pressure was termed wave height. The mean basal sphincter of Oddi pressure was 27.5±15.81 mmHg. Mean value of the sphincter peak pressure was 73.59±20.47 mmHg. Mean wave height was 46.52± 16. 18 mmHg; wave frequency was 4.66± 1.24/min.
The effect of intragastric alcohol infusion on the sphincter of Oddi pressure is shown in Fig. 1 No significant modifications of the sphincter's motor activity were observed after intragastric saline infusion.
The effect of intravenous alcohol infusion on the sphincter of Oddi pressure is shown in Fig. 4 . The alcohol, given intravenously, produced an inhibitory effect on the sphincter in all five patients; the inhibition began three minutes after starting the infusion and it was present continuously during the infusion. No effects on the frequency 'of the sphincter's phasic contractions were observed after intravenous alcohol infusion. A typical tracing is shown in Fig. 5 .
Duodenal activity, detectable with the catheter in the duodenum, consisted of small undulations of 3-7 mmHg; sporadic, disorganised duodenal contractions, not related to phasic sphincter of Oddi activity, were also observed. Alcohol, given either intragastrically or intravenously, did not provoke any systematic change in duodenal pressure. We have to bear in mind, however, that, because of air insufflation during endoscopy, intraduodenal pressure recordings could not represent real duodenal activity. There were no complications from the procedure.
Discussion
The results show that intragastric or intravenous ethanol infusion causes an inhibition of sphincter of Oddi activity. Ethanol given intragastrically began to produce an effect on the sphincter 15 minutes after starting infusion, almost at the time of the maximum rise in blood alcohol; when it is given intravenously it acts on the sphincter earlier, about three minutes after starting the infusion. These effects lasted [25] [26] [27] [28] [29] [30] The regulation of the sphincter of Oddi's motor activity is complex and as yet unclear. A strict interaction between neural and hormonal mechanism, together with an intrinsic automaticity, are probably involved. Experimental studies in cats, r dogs, 1819 and endoscopic manometry in man'2 20 have shown that CCK and CCK-OP have an inhibitory effect in vivo on sphincter of Oddi motor activity. Animal studies18 have shown that secretin relaxes the sphincter. Geenan et al'2 observed that intravenous pulse dose of secretin (1 U/kg) elicited a biphasic response of sphincter of Oddi excitation followed by inhibition. This dose was probably non-physiological, so the observed response is, rather, to be considered pharmacological. Carr-Locke and Gregg2' have found that intravenous secretin infusion, which produces plasma secretin levels such as those observed in the range of postprandial rises, causes selective relaxation of the pancreatic duct sphincter. The same investigators believe that glucagon produces a selective physiological inhibitory action on the bile duct sphincter.
Pentagastrin has been reported to increase sphincter of Oddi motor activity in humans,12 20 while naloxone, an antagonist of enkephalins, depresses it.21 It is reasonable to suggest that a physiological role of CCK consists in the relaxation of the sphincter of Oddi while causing gall-bladder contraction; secretin and glucagon may have an accessory role to CCK in inhibiting the tone of the sphincter of Oddi. It is very difficult to establish what physiological role, if any, gastrin, enkephalins, VIP, motilin, and PP have in regulating the sphincter's activity. The role of the autonomic nervous system in the dynamics of the sphincter of Oddi is not yet known. It has been reported that the sphincter contracts through a cholinergic mechanism.22-24 a-adrenergic mechanism is also responsible for the contraction, whereas relaxation can be elicited by a ,-adrenergic mechanism. 23 25-27 We cannot, at present, determine the physiological role of either cholinergic or adrenergic systems in regulating the activity of the sphincter of Oddi.
It has also been reported that the sphincter can function autonomously.23 28 This spontaneous activity was shown to be myogenic in origin, as it was not inhibited by agents known to block nervous effects. 23 The role of the sphincter, whether functional or anatomical, in controlling biliary or pancreatic flow and preventing duodenal reflux into the biliary and pancreatic ducts is controversial. Although some investigators29 3( believe that the phasic sphincter contractions serve as a peristaltic pump, available evidence suggests that phasic activity retards biliary and pancreatic emptying.31 32 It also seems likely that sphincter of Oddi basal pressure plays some part in controlling emptying of the pancreatic duct. Finally, it has been suggested that the occlusive competence of the sphincter is accounted for by a mucosal flutter valve. 33 The integrity of the sphincteric mechanism seems of obvious importance in preventing reflux of bile and duodenal contents back into the pancreatic duct.3v36 The importance of duodenopancreatic reflux in acute pancreatitis is also stressed by several 8 35 36 37.
investigators.
Keynes, in a recent experimental study in dogs, concludes that, while experimental interstitial pancreatitis results fromn damage to the pancreatic duct system without infection, haemorrhagic pancreatitis results mainly fromt reflux of bacteria into the pancreatic ducts from the duodenum. Thus the physiological role of basal pressure and phasic contractions in the sphincter of Oddi remains to be determined. We suggest that basal and phasic sphincter of Oddi pressure are of fundamental importance in regulating biliary and pancreatic flow. Reflux of duodenal contents into the biliary and pancreatic ducts is probably avoided mainly by basal pressure.
This study does not allow us to draw conclusions regarding the mechanism of alcohol-induced inhibition. It is possible that alcohol causes a hormone-mediated relaxation of the papillary sphincter, but a nervous or direct mechanism cannot be excluded.
The importance of transampullary duodenal reflux as an aetiological factor in alcoholic pancreatitis is stressed by Rosato et al.9 In their experiments in dogs subjected to measurement of closed duodenal loop pressures, they found that the duodenopancreatic reflux associated with acute pancreatitis occurred at a lower pressure when alcohol was used to distend the loops than when saline was used. Further lowering of the pressure reflux was produced by chronic oral alcohol ingestion.
Jalovaara and Apaja38 found that bile obtained from chronically alcohol-fed rats caused significantly more serious lesions in the pancreas than did bile from normal rats. Reflux of 'toxic alcoholic' bile into the pancreas might act as an induction factor for alcohol pancreatitis.
Menguy et a15 in experimental dogs and Sarles et af7 in rabbits observed a spasmogenic action of alcohol on the sphincter of Oddi. In previous studies, performed in humans through T-tubes, it has been postulated that alcohol, given intra-gastrically4 or intravenously,6 causes increased tone in the sphincter mechanism at the choledochoduodenal junction. This study seems to support the theory that alcohol favours reflux through an insufficiency of the sphincter of Oddi. The hypothesis of duodenal reflux would explain why attacks of acute pancreatitis, related to alcohol abuse, follow some 24-48 hours after a bout of drinking. An incubation of bacteria refluxed in the pancreatic duct from the duodenum could explain the delay between alcoholic excesses and the beginning of symptoms of acute pancreatitis.
The part played by an alcohol-induced depression of the activity of the sphincter of Oddi in the pathogenesis of chronic alcoholic pancreatitis and pancreatic cancer is unknown, and, at present, no hypothesis can be formulated. Theoretically, chronic alcohol consumption and repeated episodes of duodenal reflux could produce progressive pancreatic damage, but satisfactory data to support this hypothesis in man are lacking.
The present endoscopic manometry study demonstrates that ethanol given either intragastrically or intravenously inhibits the activity of the sphincter of Oddi but the mechanism of this inhibition and its role in the pathogenesis of pancreatic disease are still unclear. Thus, further investigation is necessary. 
